Background {#Sec1}
==========

The highest under-five mortality rate is found in Sub-Saharan countries when compared to other countries. This rate is about 7 times greater than WHO European Region \[[@CR1], [@CR2]\]. Even though various actions have been taken to decrease under-five mortality, most of the Sub-Saharan countries show very high under-five mortality rates. The rate is above 100 deaths per 1000 live births \[[@CR3]\].

It is believed that child mortality rates have a considerable decrease in Ethiopia due to the progressive and consistent implementation of the Health interventions since 1960 \[[@CR4]\]. Despite this implementation, under-five mortality rates show the highest trend in Ethiopia \[[@CR5]--[@CR7]\]. Furthermore, crude death rates have also significantly decreased over the past 10 years \[[@CR8]--[@CR10]\]. Based on available information, infant and under-five mortality have constant decrease over the past 25 years. In the last 10 years infant and under-five mortality showed a more pronounced reduction \[[@CR11], [@CR12]\].

In fact since 1990 progress in under-five mortality has been made in every region of the world \[[@CR13]\]. Despite progress all over the world, the geographic divergence of child mortality continues, and parallels the prevalence of extreme poverty; the sub-Saharan countries have a high rate of births which is above 100 per 1000 live births \[[@CR13]\]. Even though it is challenging to identify contributing relations between strategy, programme inputs and health impact, there are credible standards to recognise key policy and programme inputs. One of the reasons could be the implemented strategy to reduce under-five mortality \[[@CR14]\] changes in the last 20 years. Nevertheless, such inferences emanate from pieces of cross-sectional studies but not from the longitudinal study.

Likewise, we are aware that there are many cross-sectional studies on under-five mortality in Ethiopia and other countries \[[@CR15]--[@CR17]\]. These cross-sectional studies are incomplete in their capability to draw valid recommendations about any relationship or potential causality over time. Even then no comprehensive analysis over a definite region to include for global and/or local socioeconomic differences on the child mortality was conducted. In 2013, Negera et al. explained trends and differentials of infant and under-five mortality in Ethiopia. But this study mostly presented the descriptive analysis for the three EDHS surveys. The multivariate analysis which is presented in this research paper only shows the overall effects of child mortality for years 2000, 2005 and 2011. This study lacks the inclusion of the time effect in the investigation. Hence, this study attempts to give child mortality model with the reducing effect over time which is appropriate to find the effect of related socio-economic and demographic factors and covariates. Alternatively, the socio-economic and demographic factors can be classified as the mother's characteristics (such as current age, age at 1st birth, highest educational level, number of under-five children, number of children ever born, number of live births in the last 5 years, current pregnancy status and religion), child specific characteristics (types of birth, gender of the child) and household characteristics (region, place of residence, family size) and environmental characteristics (toilet facility, fuel type, floor material, roof material and wall material) .

The under-five mortality pattern is known to have a decreasing trend. Bearing this in mind fitting a survival analysis with the lifetime distributions of various investigated groups \[[@CR16], [@CR18]\] is one of the main problems in the study of life data. In most cases, the impact of different covariate variables on the lifetime as the dependent variable are modelled using regression models. Therefore, these models are an important part of survival analysis \[[@CR19], [@CR20]\]. This kind of model is known as the Cox regression model or the proportional hazards regression model \[[@CR21]\]. Therefore, this study adapts the Cox proportional hazard model to assess the effect of socio-economic and demographic factors on the decreasing trend of child mortality over time.

Methods {#Sec2}
=======

Ethiopia is located in Eastern Africa which is classified as Sub-Saharan Africa. In 2000, Ethiopia conducted the first Ethiopian Demographic and Health Survey (EDHS). As a continuous study, EDHSs were conducted in 2005 and 2011. This study is a cross-sectional investigation administered at the household level periodically. These surveys consist of 540 to 624 selected enumeration areas (EA). The household listing was performed for each of selected EAs. 2000, 2005 and 2011 EDHS samples were designed to provide estimates for the health and demographic variables of interest for Ethiopia as a whole; urban and rural areas of Ethiopia and 11 geographical areas. For the survey, 14,642 households in 2000, 14,500 in 2005 and 17,817 households in 2011 were included in data collection. For 2000 and 2005, the 1994 Population and Housing Census and for 2011, the 2007 Population and Housing Census frames were used as the sampling frame \[[@CR8]--[@CR10]\]. Different socio-economic, demographic and geographic factors were examined in this study.

2000, 2005 and 2011 EDHS sample was considered to make available estimates for the health and demographic variables at country level and for the urban and rural area of Ethiopia and all the 11 administrative provinces, called regions. The outcome of interest for this study is child death before reaching age five. According to the Millennium Development Goal (MDG), one of the goals is to reduce under-five mortality. Questions related to the advances to the MDGs affecting equity. To identify the effects, it is important to examine through a variety of situations, and variation in child mortality between the poorest and the richest changes as development is made to the MDG. Therefore, the relationship between socioeconomic status and child health has been an area of increasing interest \[[@CR22]--[@CR24]\]. Since the socio-economic variables are related to poverty, the following variables have been included in the study. The explanatory variables were the socio-economic status, demographic and geographic variables including year of survey, age of the women, age at first birth, age at first sex, place of residence, highest educational level of the mother, religion, family size, number of under-five children, number of children ever born, current pregnancy status, birth in the last 5 years, types of birth (single or twin or multiple births), gender of the child, toilet facility, type of fuel, floor material, roof material and wall material. The unit of analysis for this study was considered to be children.

Cox proportional hazard regression models are useful to access the effects of the life-time associated factors on the hazard function. These models have a significant role in the study of the life-time data. In the model, the continuous random variable represents the lifetime of an individual (*t*), and the vector of explanatory variables related to (*X*), when *X* is given under the proportional hazard hypothesis. Therefore, for *x*~*1*~, *x*~*2*~, . . . , *x*~*p*~ be the values of *p* covariates X~1~, X~2~, . . . , X~*p*~. According to the Cox regression model, the hazard function is given as follows:$$\documentclass[12pt]{minimal}
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The detailed explanation about the Cox proportional hazard regression model is well documented. This information can be accessed from different books and articles \[[@CR18]--[@CR21], [@CR25], [@CR26]\].

In survival analysis, there are different model diagnosis methods. Most of the diagnostic tests are based on various residuals results. The first model diagnosis tool is based on assessing martingale residual. This method is the default model diagnosis method and useful to assess the goodness of predictor variables. The other model diagnosis technique is based on the deviance residual. The deviance residual method uses the normalized transform from martingale residual. This method is useful to identify poorly predicted subjects. The Cox-Snell residual is also the other model diagnosis tool. This method can be used as the same as in parametric models. The plots of the cumulative hazard function of Cox-Snell residuals give a good strategy for checking goodness of fit of the model.

To find the determinants of under-five mortality when several risk factors were taken into account the analyses were performed using the SAS procedure called PROC PHREG. The goodness of fitness of the model to the data was examined before any inference from the result. These model diagnostics techniques include distributional assumptions assessment; influence diagnostics; residuals and outliers diagnostics \[[@CR26]--[@CR28]\]. One important tool for examining the goodness of Cox's regression model is the martingale residuals.

Among different models, selecting a suitable model is very important in data analysis. For this purpose, for frailty models, AICs perform different model selection results. Therefore, for the data examined, AIC method appeared to be the best tool for model selection. Moreover, choosing the best model helps to handle confounding effects. For this reason, two stage of model building was used. Each of the predictor variables was fitted one at a time. From the model, significant covariates were remained in the model. Additionally, possible interaction effects between the socio-economic, demographic and geographic variables and year of the survey were added. This process is useful to avoid the difficulty of confounding effects.

The *P* value used in this study is the probability of the observed result when the null hypothesis of the investigation is true. The *p*-value can also be expressed in terms of rejecting the null hypothesis when it is essentially true. In general, the *P*-value can be used as another way to rejection points to give the smallest level of significance for the null hypothesis to be rejected. If the *P*-value is small, it shows stronger evidence is in favour of the alternative hypothesis. Therefore, *P*-values can be obtained from using *p*-value tables, or using different statistical software or spreadsheets.

Result {#Sec3}
======

Child mortality refers to the infant death and under-five children. From 2000, 2005 to 2011 Ethiopian Demographic and Health Survey (EDHS), it was found that the infant mortality rate, the child mortality rate, and the under-five mortality rate shows a decline. For 2011, the infant mortality rate, the child mortality rate, and the under-five mortality rate was found to be 59 per 1000 live births, 31 per 1000 children surviving to age 1 year and 88 per 1000 live births respectively. Similarly, one in 11 Ethiopian children dies before the fifth birthday. Furthermore, for the 5-year period, neonatal mortality was 37 deaths per 1000 live births, and post-neonatal mortality was 22 deaths per 1000 live births.

Before describing the model results, it is of interest to present the percentage of child mortality in relation to socio-economic, demographic and geographic categorical variables. The under-five children survival rate differs among the three surveys (*P* \< 0.0001). Likewise, the under-five children survival/mortality rate differs by region (*p* \< 0.0001) with Addis Ababa (92.9 %), the highest survival rate followed by Harari (87.9 %) and Tigray (87.1 %). It is important to note that unlike all other administrative regions, Addis Ababa and Harari are autonomous metropolitans.

Among all the variables presented in Table [1](#Tab1){ref-type="table"}, the under-five children mortality/survival rate difference by the mother's highest education level or by the mother's current pregnancy status was statistically insignificant (p \> 0.058). As these results are descriptive they give some highlights on how each risk factor is independently associated with the under-five mortality/survival rate. However, several other risk factors must be taken into account when considering the potential effect of a risk factor. The next step is to find the determinants of under-five mortality using the chosen model. The model diagnosis was performed in the analysis. The result is presented in the Additional file [1](#MOESM1){ref-type="media"}.Table 1Distribution between child mortality and socio-economic, demographic and geographic variablesVariablesSurvived under-five childrenYes%No%Total*P*-valueYear of the survey2000950187.9 %130712.1 %10,808\<0.0002005887191.2 %8518.8 %9722201136,79183.7 %717916.3 %43,970RegionTigray608387.1 %90212.9 %6985Affar444383.0 %91317.0 %5356\<0.001Amhara776684.4 %143615.6 %9202Oromiya902786.0 %147314.0 %10,500Somali349886.5 %54613.5 %4044Ben-Gumz437581.8 %97418.2 %5349SNNP823585.3 %142114.7 %9656Gambela329984.6 %59915.4 %3898Harari311087.9 %42712.1 %3537Addis247492.9 %1907.1 %2664Dire Dawa285386.2 %45613.8 %3309Type of place of residenceUrban885189.6 %102810.4 %9879\<0.001Rural46,31284.8 %830915.2 %54,621Highest educational levelNo education41,98784.3 %780215.7 %49,789Primary10,30088.4 %135611.6 %11,6560.058Secondary223994.0 %1426.0 %2381Higher63794.5 %375.5 %674ReligionChristian31,22486.3 %494713.7 %36,171Muslim22,64684.5 %413915.5 %26,785\<0.001Other127583.7 %24916.3 %1524Currently pregnantNo or unsure50,07785.7 %835614.3 %58,4330.067Yes508683.8 %98116.2 %6067Child is twinSingle birth54,21986.2 %871413.8 %62,9331st of multiple46759.8 %31440.2 %781\<0.0012nd of multiple47660.9 %30539.1 %781Sex of childMale27,96084.4 %515815.6 %33,118\<0.001Female27,20386.7 %417913.3 %31,382Type of toilet facilityNo facility31,73085.1 %556614.9 %37,296Flush toilet124789.3 %14910.7 %1396\<0.001Pit Latrine21,09586.0 %343114.0 %24,526Main floor materialNatural floor/dung47,25384.8 %845715.2 %55,710Wood/parquet311190.7 %3199.3 %3430\<0.001Cement352591.2 %3428.8 %3867Main wall materialNatural walls756283.2 %153016.8 %9092Rudimentary walls34,01785.0 %599215.0 %40,009\<0.001Finished walls311189.5 %36610.5 %3477Main roof materialNatural roofing24,82083.8 %478616.2 %29,606\<0.001Rudimentary roofing907686.2 %145513.8 %10,531Finished roofing19,44687.4 %281012.6 %22,256

Table [2](#Tab2){ref-type="table"} gives estimates with hazard ratios for socio-economic, demographic and geographic factors. Based on the findings, there is a variation for the current age of mothers within the EDHS year. As the age of mother's increased, the hazard ratios were increasing for EDHS years 2000 and 2005. This shows that as the mother's age increases the risk of the child dying before reaching age 5 increases. But in the 2011 EDHS, the result shows the decrease of under-five mortality risk as the mother's age increases. The comparisons between the year of the survey show the difference between any two survey years is significant and in recent surveys the effect of the mother's age weakens. Based on the hazard ratio, the gap between the year 2000 and 2005 is wide. This shows that child mortality was significantly more for 2000 EDHS. But the gap between the 2005 and 2011 EDHSs is small.Table 2Estimate of the parameters from the proportional Cox Hazard ModelPredictorsHazard ratioHazard ratios difference2000 VS 20112005 Vs 20112000 Vs 200520002005201195 % CI95 % CI95 % CILowerUpperLowerUpperLowerUpperCurrent age of respondent2.95\*1.01\*0.95\*1.322.99\*\*0.020.61\*\*1.771.97\*\*Age at first birth1.15\*1.16\*1.05\*0.260.77\*\*0.070.28\*\*0.961.00Age at first sex1.631.010.89\*0.751.050.160.420.730.98Region (Ref. Oromiya) Tigray5.104.961.171.884.26\*\*3.125.05\*\*0.080.77 Affar2.542.580.82\*0.742.671.082.63\*\*0.801.74\*\* Amhara2.88\*2.34\*1.031.252.96\*\*0.952.080.230.87\*\* Somali1.972.460.78\*1.292.02\*\*1.032.75\*\*1.202.70 Benishangul-Gumz2.702.200.931.323.41\*\*1.083.45\*\*0.180.58\*\* SNNP2.792.370.921.922.681.052.81\*\*0.260.89\*\* Gambela2.762.241.071.022.53\*\*1.672.830.411.12 Harari3.222.491.131.463.51\*\*1.142.82\*\*0.620.92\*\* Addis Ababa0.960.760.700.170.72\*\*0.040.52\*\*0.070.56\*\* Dire Dawa2.872.510.910.911.241.111.51\*\*0.230.62\*\*Place of residence (Ref. Urban) Rural1.050.981.19\*0.681.120.140.69\*\*0.030.69\*\*Highest educational level (Ref. Higher) No education2.85\*2.31\*0.79\*2.033.08\*\*1.131.91\*\*0.360.92\*\* Primary2.912.53\*0.82\*2.052.85\*\*0.941.420.150.71\*\* Secondary2.93\*2.850.87\*2.002.78\*\*1.272.07\*\*0.170.86Religion (Ref. Orthodox) Muslim1.761.061.10\*0.370.68\*\*0.180.570.210.58 Catholic1.851.211.01\*1.061.390.400.620.151.19 Protestant1.760.961.091.121.480.260.700.191.34 Traditional1.551.070.881.151.530.170.790.200.89\*\* Other1.521.791.71\*0.991.440.230.660.190.92\*\*Family size3.931.350.99\*2.023.84\*\*0.180.88\*\*1.202.28No of Under five children1.530.991.68\*0.540.99\*\*0.581.210.310.88\*\*Children ever born1.07\*1.041.06\*0.010.15\*\*0.290.870.070.78Birth in the last five years3.83\*1.321.032.003.96\*\*0.170.381.382.73\*\*Currently pregnant (Ref. No) Yes0.981.031.060.140.820.090.210.030.65Type of birth (Ref. Single birth) 1st of multiple0.56\*0.791.180.521.430.350.91\*\*0.810.85 2nd of multiple1.051.142.000.501.560.150.790.040.56\*\* 3rd of multiple1.391.38\*0.56\*0.480.85\*\*0.741.100.060.25Sex of the child (Ref. Female) Male1.081.191.09\*0.010.34\*\*0.040.33\*\*0.070.28\*\*Toilet facility (Ref. Pit latrine) Flush toilet3.920.731.130.371.940.591.272.033.10 No facility1.020.921.010.481.980.162.010.630.72Type of fuel (Ref. Charcoal/wood etc.) Electricity1.102.192.16\*0.771.230.240.840.811.22 Gas/LPG0.43\*0.39\*1.350.440.840.400.890.010.37\*\* No food cooked1.131.010.630.991.090.351.120.180.74Floor material (Ref. Carpet) Cement1.050.731.120.201.430.302.060.651.24 Natural floor1.150.920.940.031.930.952.370.571.17 Wood/ceramics1.56\*0.630.770.831.020.621.090.491.10Roof material (Ref. Thatch/Plastic/wood) Finished roofing1.150.931.000.691.040.731.420.280.83 No roof1.560.950.990.041.990.201.720.741.26Wall material (Ref. Finished walls) No walls1.060.930.820.981.330.581.280.250.69 Cane/bamboo/wood0.991.040.81\*0.801.960.921.800.110.25\* Significant at 5 % level of significance\*\*Significant interaction effects

The age at 1^st^ birth was significant in all the EDHS years. Notably, the effect of age at 1^st^ birth reduces in the recent surveys. The result is presented in Table [2](#Tab2){ref-type="table"}. The gap between the years 2000 and 2005 is very small. But after the 2005 survey, the result shows the declining trend in under-five mortality in the year 2011 for age at first birth. On the other hand the rural-urban difference is insignificant between the three EDHS years, though the 2011 result of EDHS only shows a significant difference between rural and urban under-five mortality hazard ratios (Table [2](#Tab2){ref-type="table"}).

The other significant effect is the joint effect of region and year of the survey (Table [2](#Tab2){ref-type="table"}). Therefore, from the analysis, it can be identified that child mortality is higher for the Tigray region for 2000 and for 2005 followed by Oromiya region for 2000 and for 2005. Moreover, the trend of child mortality displays a decreasing trend for the year 2011 compared to years 2000 and 2005 for all regions (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Hazard ratio associated with under-five mortality and region with year of the survey

The other significant effect is the between educational level and survey year. Likewise, the year of reference is 2011. Therefore, the output shows that mothers with no education have a lower chance for the child to be dead before reaching age five for all EDHS survey years followed by mothers with primary and secondary education (Table [2](#Tab2){ref-type="table"}). When compared between years, the under-five mortality is significantly higher for the year 2000 followed by 2005 and 2011 (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Hazard ratio associated with under-five mortality and educational level with year of the survey

On the other hand, Table [2](#Tab2){ref-type="table"} shows that there is significant effect between EDHS surveys and family size. As the analysis shows, for the year 2000, child mortality increased by 2.93 % for an increase in a number of household members in the house in comparison to the year 2011. Likewise, for the year 2005, child mortality is higher by 0.35 % for an increase in a number of household members in the house compared to the year 2011. Furthermore, the under-five mortality is lower as the year of study increases (2000, 2005 and 2011) and the child mortality is higher for an increase in family size. For households with more under-five children in the house, under-five mortality shows an increase for the years 2000 and 2011. But for the year 2005, the analysis gives that child mortality shows a decrease for an increase in the number of under-five children in the household (Table [2](#Tab2){ref-type="table"}).

Furthermore, Table [2](#Tab2){ref-type="table"} presents the significant factors of child mortality and EDHS surveys. As the result indicates, the effect of total children ever born is not similar between the survey years. The occurrence for the child not to be alive before celebrating age five is higher for the year 2000 followed by the year 2011. EDHS 2005 survey shows a decline in under-five mortality compared to 2000 and 2011. As can be seen in Fig. [3](#Fig3){ref-type="fig"}, under-five mortality increases as the number of children ever born increases for all EDHS survey years.Fig. 3Hazard ratio associated with under-five mortality and total children ever born in the house with year of the survey

The estimated survival curve for children under the age of five for male and female is given in Fig. [4](#Fig4){ref-type="fig"}. From the figure, the survival curves give a visual representation of the life tables. From the figure, it can be seen that male children were at a higher risk of death than female children. The equality of the survival function among groups can be tested using non-parametric methods (Fig. [4](#Fig4){ref-type="fig"}). Figure [4](#Fig4){ref-type="fig"} of the estimator stratified by gender below shows that females generally have a worse survival experience. This is supported by the three significant tests of equality. These are Log-Rank (Chi-square = 7.7911, *P*-value =0.0053), Wilcoxon (Chi-square = 5.5370, *P*-value = 0.0186) and -2Log (LR) (Chi-square = 10.5120, *P*-value = 0.0012). Moreover, as the age of a child increases the probability of the child to survive is decreasing for both male and female and at the end, the survival for both male and female is the same.Fig. 4Survival function at mean of covariates

Discussion {#Sec4}
==========

In this research, the trends of under-five mortality with the effects of socio-economic, demographic and geographic in Ethiopia using 2000, 2005 and 2011 EDHS was investigated. For this study, the nationally representative data from 2000, 2005 to 2011 Ethiopian Demographic and Health Surveys was used. The Cox regression analysis technique has been useful to find the significant socio-economic, demographic and geographic covariates of under-five mortality over the years. Cox regression model can be used when the relative risk values for different levels of variables are measured at different levels of socio-economic, demographic and geographic variables. A study which involves an outcome variable of interest with the time to the occurrence of an event can be modelled using the proportional hazards model. For this kind of situation using logistics regression method ignores the actual failure time and models the occurrence or non-occurrence of the event. But the inclusion of the time to event information is important to obtain the actual and accurate estimates \[[@CR18]\]. Even though infant and child mortality rates have been decreasing in many parts of sub-Saharan Africa in recent decades, it remains among the highest in the world. In literature, the decrease in mortality is recorded in detail. From the documentation, it was not possible to identify the several socio-economic, demographic and geographic factors. Moreover, identifying the pattern of mortality by means of different years of surveys is essential.

Therefore, for this study, the Cox Regression Method was used. The Cox Regression procedure is useful for modelling the time to a specified event, based on the values of given covariates. Several socio-economic, demographic and geographic predictors were used to estimate the level of under-five mortality to find trends. Moreover, the death of a child (status variable) is binary and dependent variable in Cox regression. Time variable (age at death) measures the extent to the event defined by the status variable. The covariates (independent variables) for this study contain both categorical and continuous variables.

The findings of this study which incorporates the child mortality in Ethiopia displayed that socio-economic, demographic and social factors have a great effect on the child mortality between the years of 2000, 2005 and 2011. These factors are age at 1st birth, place of residence, educational level, family size, number of children under five, total children ever born and age of respondents. The result from the study suggests that one in 17 Ethiopian children dies before their first birthday. Furthermore, the Cox regression model determined that the data obtained during 2000, 2005 and 2011 Ethiopian Demographic and Health Survey has a great importance and it captures method-dependent.

On the basis of this study, child mortality is greater in 2000 followed by 2005 in comparison to 2011. Furthermore, the risk of under-five mortality declines from 2000 to 2011 for educational level. In the same way, number of household members and the number of under-five children in the house display differences between years. From the analysis, the age of the women displays differences between years. Consequently, child mortality is declining from 2000 to 2011. For a growth in total children ever born the possibility of a child to die is greater for the year 2000 followed by 2005 and 2011. But for the number of last 5 years birth, child mortality increased from 2000 to 2011. Therefore, for the women having more children in 5 years has to be avoided to reduce the risk of under-five mortality.

Conclusion {#Sec5}
==========

Finally, for educated mothers giving birth at the older age have higher chances for a child to reach age five. Furthermore, for unemployed mothers living in households with large members, under-five mortality is higher. Consequently, for women who are not pregnant, giving birth at older ages reduces child mortality. In addition to this child mortality varies by regions for the three survey years. But, in some regions, the decline for child mortality between years was observed. To reduce child mortality, implementing better education for family planning and child health care is an important strategy which has to be implemented by the government. For further study, the structured additive model which incorporates the spatial variation between primary sampling units can be used to assess the effect of socio-economic, demographic and geographic factors.

The limitation of EDHS survey can be associated with the following criticisms. These include the EDHS data only collected from women aged between the ages of 15 and 49 who are alive in a given household. But for mothers who have died, no data was collected. This situation can create a bias in the results. The technique used in the EDHS survey is a retrospective method. This is related to various difficulties and challenges. The main difficulty with this challenge is related to the quality of the results because it depends on the completeness and correctness of the birth and death history. Therefore, the conclusions and recommendations of the study can be affected by this problem. The other limitation is related to the sample size. The sample size is the only representative at the highest administrative unit of the country. Therefore, the dataset cannot be used to estimates at the lowest administrative units.
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